

jA Ijl^i 


^bj 4 ^) jAljla]) 


3 S.i^j]i 


O 


I K 2 


X 


A 

” 


: 01 6i>^' 

; jjg >MI (JLoxIjujIj (JjILoII (J£julll ^ 

.( R = R^ = 470^2 ) 

.(E) j^j^ 

. Jj ^ (K ) - 

( I; = 0 ) (X) Ale. 4J.^L^I ^jAal -X 

Uc ; Ur Ji« ^ 6jWl ^ jU]l jl^l J£a5lll /i 


i£ 


D 


q Vi^xxi'l ^JjAalidll A^j) ^ q = q^ AWJl) ^Vaj UrJ \Xq Cf' 

.R,EjC^V^ajA lP q{t)= A{^—e~^^^ : c> ^ a1^/-^ 

E ^liLujI (5 V ) ij^^\ «.^ ciijl£ lil /^ 

. ( (7 ) Ajljuj ^HIjujI .( E q = SinJ ) A-ajS-oll ^j^Auj LqA1c./_A 

(2) ^jAa^l Ale. ^V1 l)*-^ -2 

(K) (2) ^ (1) (jj« (A_ij\j /s-^ ^ 4 vwj \'SL^ f\ 


: 02 

; (JjuAjuuII <3 ^Ull J^UJI o- - 1 - J^' »j'^> UJ^ 

4jtJala]l (jlij R = 5 ^<iajlLi ^ji JjU c = \.2\x.F ' g"'* * " E = 6 V ‘‘J^y ■^>° 

du,(t) 


dt 


C ^ E ^ R ^ U-c (t) ! ^JjAalillil A^j) CjI jJjUll - X 


.4J(J^ Ur=E{\- 


1 

- 1 

RC 


C ) S^L^I (24^ ^\l 4_2jAalil]l aJ.^\jla]I dill^ 2)] - 2 

.■<-ajujl 6 jIa 13 Ajbualilj aJ^Ax *RC “3 

! l!^jAaII dlLAa^i]! ^ UQ(t) LjJjua^l -4 

• Uc(t) = /(t) r^j' -5 

(t —>oo) j (^t = ';;".'LU-uia.! ^ C,R,E i (t) e.'luiU ojl^l A^jl -6 

.(^t —> oo) Lo'^jc. 1 g'i.aj'^ (. J>1|^1 ( Aij£-a]| ^Uall ojl^ i_JjSI -7 


t (ms) 

0 

6 

12 

24 

Uc(t) (V) 
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-►Y 


A 





; 03 

; <^\j^)^^l^)jL^ll*Jl ^ (JjaAjaull ^ )1 AXI 6<C.^)L<i 2P^ Ajl^sS 

. 4 \a^ a 4_4^iA]| ^iLajlLo E = 3y cAjIj jjjj ji a3^ - 

./? = X0'^^2 - 

M E - 

^jL jljUU jj^' jW^V 

(X-cJ^^^). ^ )^.1^ I ^ajujl^ \ £ 1x^1 

a\\ AjujLuj (^gic- A^Lulls t — 0 ^ ^ AjLlallSl (3^*j 

2-cJ^l ^ J!1 aa3I^^(/^) 

?l^ilc. Cy^At = X55' 6"1 

Ft'[s) .2)^3^^ U^ L^J T dulll 6^1^ Jae.1 -2 

( (J ^cllLujj J ^ cj:^"3 

\{^t — ^) ^jt-LliSI (3^ -4 

A Wx^i ^JVaj SjIaJI ^ jLail SAuj l-uSI /I 

. ^(/^)5A:iu2Jl ^VAj 5ij^l ^j4 jW^ 4^' 


xo 



































































































jA Ijl^i 


u^ + RC = E : *^jW*^W (z^) lP- A-iLialijll j! /_^ 

"" dt 

^ y4 S^ljxil ^cjjjjoij ^ n — e{ \ — ^ A^LuJI (J^ ^ “5 


0.06 
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V y 
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20 


t (ms) 



: 04 

R = 35 XI ^b-ajlLa cJ^U j AjUjujj (JjaiLau]| ^xjJaJ A_1 jIj^)^ “1 

t = 0 '■be. <*Ja\i]l (jiiu <*Ja\i 6 E = 12 V AjjS ^aIuxiaj/IjI 

^1^ C5^ (3j^-aaba '■b^ 

6^l.^l (J!Lo ^ 1 

cjjoi^ij ^iaIi ^iioiii ^ SjIaIU jUJI SAjuoI 6jl^l Ljjj^i , 2 

j* LjJjud^l ^ ^^A*JI 

L uj>i*sI ^ X dijlj (j-® '■^j^ — 3 

dulil] ^aJ3 AjUjuj^I <alLi^ ^aJ3 (3^' cl)^ . 4 

(2) uW^' 

. Sjl^l L_u£i - \ 

R . r . L '^Vaj X clF' AjujI^aII qa — 

djlJax-all ^ (3^ ftAA 0jllj Ja-^ 


: 05 

^ RE 4-llaAll AjujI^aS ^l-(j£juill^ A 6 ^Ia]I C5^ ibjujVi ^3^] ^ Aj^ ^biC-bU A 

Q 2 A-i]lriSl A_ijIj^)^-^I^)jl^\Ji*JI 6^Ia]I 2)3^^ 


l-3£^i ^ 


E = 12y ^Uj^l 
C = 1,0//F W^uaj Aiiil^ - 

7? = 5x10^ XI J^b - 

K ^>^b - 

^ A bLo /! •(!} C5^ (^ “ O) AJazbll Aj.^lbl 3* >'* -1 

? ^ JJjlU JjiaAil SAALLo Ij'x^C. c. <ij^ /l^ 


M 


, du, 


RC — —-\- = E : W^bc. ^bj^l 6 jIaJI 31*1^^) ^1 A j' x >>UM I ^aU-aII jl /_^ 


. ( 5 /) bjlA^jU JjAII ^Uaill ^ ^bJb jAL Aji ^Axbl 3j'^**^'^ 3b«Ajuob (j^j t SjlAUjAA-bl dubll (^x) *OW^ Jac-S /^ 

^ -1^ 

^ 'T I • 3a^ (”^” 1} '^bbl Aj\x>>\illll aJjiIxa]! ^1 /_A 


.\^^U,,=E\ 


V y 

• UW^' UH' ( 7 ) OiiJ U^g = f{t) JJJ^ JiuuJI (^421 Jl-i ^ ji /j 

? 0 )iuij IjU. E J t = 5 t u^g JJJ^' ^ jJJ UJ^ IlS 

^^2} Aj^lbi 3* >'' ^ AajLuiII AjujI^aII AxJ -2 

A^b^)^^l 6^1 aII Ajj^b^l Aj^JaC.VI A^ba]| A.a^ L_Lai^l /l^ <aj£^ail v^•vJ bb» f\ 



: 06 

3 ^b ^ E A^^^aII Aj^ aI^^j Aaj^a 3 ^^bjau]l 

.^b J R = lOKXl 

AjIa^I Ajj^ x^iA Aaj^aII c**ia\c. bj 
^<aj£^| Cy^ S^IaII \ baba^A ^ajuj^l / ^ 

Uc = f( t)^'c^ 3 ^ ^ A ^ 13^1 6 ^Ia]I 3 x-a / 1 ) 

^ 1^1 Iaa Ijqj^ 31 a 

^- \- H = 0 3 ^b\b ^^)flli]l ^bjl Aj\x>>\illll aJjiIxaII ^^_gJa 3 U / c 
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jA Ijl^i 




OC u^ u = Ee" (>» l^i=>. (j' (j^ * 

lnUc= f (t) J:" uW' 

( 2 . Ljjjoi^lj X t>“ dulii 4.^ / 2 ^ 0 jL^I A^ji /1 


R 




(l=r) 


l-JLJJ 


o 



C : 07 

* ! (^5^ 1 -cJ^uoa]! ^ 4 SjWl 

,E = 12V ^j^- 

<xlal3 - ^ ^ l^lLajlLaj E ^.at.jx^ij - ^ E = 10^2 (J^U - 

{Ucb)j (WfiA ) <j:J J^V ‘ ^1 j Jx^«.u.uj - 1 

jl g >'I IIa <^Ij^),^£JI 6jWl -iaJJ ^ L \f\ 6jWl C5^ L)^ 

3 -lJ^^^ cJ-i^ t = Q ^ ]^ Ajulal^l (^Ixj -2 

jljj^yi ^1 j ^UIaSI Ubj^ = /W • 

; ^Uaj]l ^ 6jWl ^U^*i LoAic. 


• (mcb 

6^l.^l SAjuo]! /_^ 

; ^liLujj . CJ^^lS^ ^Uuc.yij -3 

Sjljlil Cllj\j /f 

AjUjuj^I A^jlLa /l^ 

. jll ^ <d^vi 5ilk]l 41^1 -4 


-tts 


: 08 

^dljlj (JjaAjau]! l^JaJ^ 4 (r) 4 .«,J,a!xij Ai^)xx 

-l-J^I. K E = 4,5y 

Aj>i\l L^J L5^ S^l^l (Jijl -1 

CJ^J AjUjuj^I 

B /TTTT^TkVkWOi ^ (^K ):"^^Aialall (3^ t = 0 A-Ia^l ^ -2 

^^^JaxJ 4j'x>>\ill]| A^ji 4 CjIjJjjII /^ 

.Dj'^' J^' J^ SA^I 

(J^juoSl ci^ 4^1x21 A.2jAali2l aJ^Ix-oII ^1 /l^ 

r r \ 


-^iir- 


K 




-1-j:^ F 


^6j 12I ^ jUJI SAjuoJI / 


i{t) = If, 


l-e 


. j^VU (/) j ^121U (f) dj^ i(t) = 0 , 45(1 -e j^ ftAdll -3 

/6jI2I ^ Iq SAuoJI f\ 

6 ^1.2 ] (t) dijlj /^ ^ AAjl2l /^ , A^jIL2I /l^ 

? ^121 ^Uaill aJL^ <a\J2l /I -4 

4»Ja^1j3I ^Ij^)^2 ]I J^j2l 6jl-^ L;Jj£I /l^ 

(f = 0,3^) j^' (Iw jjj^' /_^ 


; 09 

l^A-ojlLo AjujAj 4 K ^^j2al9 i E = 6 V ^)-Gjjat2l 3^j2] ! ls^ *0^“^ 

—1-J£j 2I jA Sj^VI ftAb 4^jJ4 R = 200i2 <l<»jlL» ^jj JaU 4 E r =10i2 52^)21 

• Ugc ^ U^B SAALuIaj <3\JaJ 3:J^)Ja ^jc- 6^121 ^ ^-aa-xU 
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jA Ijl^i 


.^jjiluAll 2 J 1 LS^ Jj^uuu]l Ia^ IaJUC. j ^JtialUl (3^ t = 0 ^ 

i j _ ^^^ — I 



^ (V) 



















-7- 

jUI 















































y (V) 


















-l-( 

jwJ' 


7 
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t (ms; 


t (ms; 


10 


12 


14 


16 


18 


20 



•o 


0 2 4 6 8 10 12 14 16 18 20 

. di/dt ‘ i ^V^Uab 

. i 4JV^ Ubc ®j 4^ c 

^jjjj]| ^j-Q l!^ l 5^^J:3 ^ jA Lo / ^ 

6jl^ A^jl CjI jj jjII (jLftxlujlj / I - 2 

4 ^ 6jIa 1I jllsxJ Iq fiAjuj 

A'\aA Uxi^l J 

Iq A^V i^Lftxlujlj / 

3ftx]| AAJ^)Ja IjjfA ^ nW*1^11 Assbl X Clulj A^jl / ^ 

^j-<»j]| SA^j X (JL^xILujU \ \uA 4 X 4 Aij\j 6 jl^ Jac-I / ^ 

Ajujj^AaII Axjxixi^^ L ^llLujI / _A 

: 10 

AA^21j Vquxix> 5jjj^oLo (2 = 1.0 X 10'^ |LiF UjaI 

.R = 15 k Q j^ ^ji J q = 0.6x10'^ C ^ 

J (,5^jVi 4 (jLftxlLujlj (JjaiLoull *0^“^ 3^^^ 

" : ^lill 3lij t = 0 ^ 

^l^LuJ ^ d^lAll 1*> ^JUJ^I -1 

. SjIaII ^ jl^l jj^ JL® -2 

•Uc J Ur (jJJ -3 

Uq ^Vaj 5JjAa\iLI ^aIx-jJI a^ ji ^ jLI C5^ aLuc-VU -4 

a^LoJI k'\\\ aJaIxaSI J^ -5 

•Uq j^ L;Jj£I -1 

(—1— J£JJI) ^jj Uc = / (t) 6u! -2 

— Jljjaill^ IajLuj (j-O A^lLl AjuIaII C5^ 

: 11 C):iJ^^ 

; J£jL11j Ali^l 6 jIa1I UjaI 2)^ 

R2 ^ Rl (2 ^ A er\^A _ 

4 E AjjS a1^ - 

^ I ^jAa^l C5^ 4 9 Ul q\ 1 ^jAaj - 

• 4j.\l**^ll <^1^1 djlj SAALuIaJ ^^ojuaJ J^^A 4.^-^lj ^A L^jxxil •s A-lajoil^ 

c5-ic. ^^>XJ - 1 

^j^LlLl C5^ UrJSAALL aI Jjx^jj]! 4jqj^ C5-^ ~ 2 

4 q*K^\1 3^jLI ^jAa^ ~ 4_AjAa\ij]l ^JaIxaII L_u£I - 3 

Ri(^j^' J^'4> ujj jjj^' (^> - 

CJ^ = (JS -*^^1 A-AjJalij]l (3^ C)^ (3^^“ 4 
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jA Ijl^i 



a:r) 
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<1' 
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P- 

J , ■! 
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ri 



: 12 

cJ^Uj (z^, r) Cy^ (Jjuaijail!l *0^“^ 

AjtlalSj ^ = 5V 7^ zz 90Z2 AlLajlLa 

^ f — Q Aic. <*Jalill (^iij . (j£julSl IaS 
1 g Vq^**^ <JjJa\i2Sl 5 J^\jla1I uK\ CjIjJjjII (J^nialj —1 

i SAjuj 

i{t) = a(i — e~^^) ^Jjilx^l ftjiA ji ** **‘ 

. cIajIjj B j a : ^ 

A _SVaj ^ ol ( 2 ) J_^l ^ W i.. lJ^-2 

■ dt 

.^=f{i) ijLJI 

dt 

6jL^I L_u£i — i 

_9 <^1^1 6jl^l ^l.liajujlj — L^ 

^AjUjuJ^^ ^ A^jILaII (J£i ^llLujI (Jl^^JUdll 

^ ^1^1 ^Uaill 5 JVAjj^-^ 


: 13 ^jj^t 

^AjtJalSj R = 2 O 1 O 1 {JbUj £ Aj j9 4 .«.Aa!aij (JjaiLoull *0^“^ 

C5^-J L5^,^)^ U:^ S^IaI] ^ 1^1^-V ^ / 1 - I 

Ul = f( t) C5-W^ cJ^ / 2 

Ijqj^ (JiLo (^<xia\Ul^ SjIaSI ^3^ 


0.2 


































1 

0 






t(m5 


























^—- + / = 0 ! ^4jtiala]l^ 6 ^Ia]| ^j 9 <iljj| 4_AjAalij]| Aj..iljLA]l ^ / 3 

dt 




A *OW^ 4-u£ii i = 1^0 A J£judll Ig ^i 3^^ * 

Ini = f (t) uW' - II 

Aial 6jl^l A^ji / 1 

L uxi^slj dij\j / 2 

aI^^aH £ / 3 


" 5 ) 


K 




; 14 L)jj^t 

; ^l!ill 6 jIa 1I ^)±i3u/I 

t = 0 ^ ^ <*JalASl 3^ 

Cy 0:^(1"! 

. <J:ji*jll ^ 6jWl 1 ^ jl^l (jjaax 2«^(2-1 

(JjLtlil ^-0 (_J£ 4 W JaC.1^3- 1 
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jA Ijl^i 


jl (JaU] Ajbaullj ^j) (jc. JaC.) ^ 4 jVl J^lili ^^)ia JJ^ JJjIlJl JlLft {^-\ 

, dUr 


,Uj,=RC 


dt 


: u'u:^(5-l 


. U^{t) 4 j' x >>UM I ^ji(^l-2 (II 

(0 ^jimxAil ^ ‘ A c> . u^ {t) = A(1 - e~^ ) ! ^ (2-2 

: JU]| ^Kb' l J^-^aaaa 5 JVaj ^^(/^) djIjljjAVI ^1 j (HI 

7^1 !^Uxa \^\-^ ‘ RC 4-lia^i dl^ (1-3 



R = 10/:fl lUxIL^I (^jVI (3U1I ^jIIa jl Uxlc. (2-3 

,(2 ^^bLJoJl ^liLujI 

c(t) ci^ jUliiiJll 2^tnlb J ti (3-3 

^2 J ti c> 60%j 20% : 2 

f^=f^—f^ ; dj^ :i JX^I jA j c U x i^ l J 

4 Ajq\\j (2 ^^d<ua ^cliLujI . In 2 = —^ Ia\c» (4-3 

r 

I^Ld Ig j'c> (Jx^xa'I 


: 15 

die. E = 12 V <c. jaxaII dilaj^ djb R <AjlLaj C = 150 |LiF c> 

^ ^jdail ^luil lOscJ^ SjIjJI ^ j^l ^ <J>xxiiJ SjWI (3^ t = 0 

dljlLoll (JjA:^! 

R ^^d<ua t = 0 ^li^ni Ajb^la 4Vi^All — I 

jl^l 1.^ AialjAll i jl^l 6^ *OW^ (--u^i ^ i = f(t) ^ i^iA'I ^ji — 2 

t = T L-Loisx.) — 3 

(2 A q*i^A\l Ajuji ^cliLuj) ^ L)^ L)^ — 4 

^ix^All c_fl^)la jA A q*i^A\l 4 jj1^a\I 4 Ajqllj 1 (Jx^^1a\I 4 Ajq\l jjj j^la — 5 


t(s) 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

i(|iA) 

54 

40.6 

30.6 

23 

17.4 

13.1 

9.8 

7.3 

5.6 

4.2 





r 


R 


C 


: 16 lWj^' 

. li^ Rj-oj. = 2R i^J JaU ^iiila lyj^j lP^ ji 

A q*i^A\l jpuui -I 

dW' ‘ / = 0,33mA 'j^ 6jl-^l aIjaII ^ jxj^j 

ii \.^^^)la jjj jjjlSI aIVaj q Ajaii^^l A i*\x^i 

Q <£i^A]l Ajljuj A.a^ L)^ “ 1 

20% c =■ ItTiF ^U^I j-« SUaxAJl 4 Ajq'l jl -2 

? ^Lx^all dllaC.) Ia ^a I(Jjk^aLidAll 4Ajqll - 

7 ^ 5 5” 6dA]l 4q*i^A\l L_fl^)la j^ Aj j^A^I AilJaSi j^ “3 

/' = 0,165mA J 7 =0,330mA jUL Udk^ liAj 

^Vi^A'l -II 

u = u Q = 6,4V A^^\ Jl 4ij£-A3l J jL j^ J Jl IaaIc. 

Aaa jblS 43“^ i.\lA^ A )a"v\\l b'^ dklj I Jl 2 Cy^ aJ.^ 121 ^jdaj ^ 
jpuui]| (J^Lk A-SJ^a]! Jl Aj jAA^I AalJaiSl L-Loi^l -1 
du^ 1 
dt 


4 

R J 

p 

-■ _L 

J 



- + - 


2RC 


-u 


— Q ^a 211SI Aj-ialalll a1.^1xa]I -2 


> Uc {Y) 


Ai.^ljLAil ftjJ (3^ JaC.) 4 Aixjj^.^ Ia Jb- bl aIoI -3 
^ f — die. A£i^A]l Ja jj^ JjlSl Aa^ Ia -4 
? 6jjjt jl aSajIIa (JaU ^IdklLujj Ijc. 4 ^^)xaj 4Vi^a'I ^ Jj 43^ “5 
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